We inoculated 5 cm 2 of clean chick pads, 5 g of clean pine shavings, and fresh unsanitized broiler breeder eggshell halves with a cell suspension of Campylobacter jejuni in physiological saline. Inoculation levels were 10 2 , 10 3 , or 10 4 cells per sample. The samples were allowed to remain at room temperature for 15, 30, or 60 min before addition of enrichment broth. When chick pad samples were inoculated with 10 2 cells, by 15 min 40% of the samples had detectable levels of Campylobacter, and by 30 to 60 min Campylobacter could be detected in only 20% of the samples. With samples of pine shavings, only 25% of those inoculated with 10 3 cells were positive for Campylobacter after 15 min and only 5% were positive for Campylobacter after 30 min. When 10 4 cells were inoculated onto litter, Campylobacter was recovered from 20% of the samples at 15 min and 15% of the samples after 30 min. Eggshells were also found to be a harsh environment. When the inoculum was 10 2 at 15 min, 8 of 10 samples were positive for Campylobacter but at 60 min only 10% of the samples remained positive for Campylobacter. The current cultural methods may not be adequate for recovering low numbers of Campylobacter from dry samples. Campylobacter may be present but culturally undetectable in the commercial hatchery and hatchery environment.
Campylobacter jejuni is a foodborne human enteropathogen that has been associated with live and processed broiler carcasses (4, 7, 14, 16) . This microorganism enters the poultry processing plant on or within the live bird. At present, the source of entry of C. jejuni to the broiler ock during production is not known (11) , and cultural methods for isolating this organism are still under development. Unlike Salmonella, C. jejuni is not tolerant of dry conditions (5) , and many poultry-associated samples have relatively low water activity levels (3) .
For the past two decades, researchers have attempted to recover Campylobacter from certain poultry samples with little to no success (1, 2, 6, 8, 11, 13, 14 (8) found duck eggs and feces to be free of the organism, and Campylobacter was not recovered 6 h after inoculation of eggs with 6.6 log 10 CFU in a fecal suspension. Shane et al. (13) reported that commercial hens that were shedding C. jejuni (12 to 62%) did not produce infected eggs. Likewise, Shanker et al. (14) found that, although 74% of the hens were positive by cloacal swab, only 2 of 187 breeder eggs were positive for Campylobacter. Izat et al. (6) were unable to recover the organism from commercial eggs. Results such as these have lead many researchers to conclude that eggs, hatchery samples, and newly hatched birds are not contaminated by or colonized with Campylobacter spp.
There could be one of several reasons that Campylobacter has not traditionally been isolated from eggs or hatcheries: (i) perhaps the organism is just not present in these samples, (ii) perhaps the organism is present in the samples but in numbers too low to be detected by currently used cultural methods, or (iii) perhaps because of the fragile nature of the organism and the dryness of the samples, the C. jejuni die or become unculturable (3) . The objective of this study was to determine the effectiveness of current cultural methods to detect C. jejuni on dry hatchery-associated samples and to measure the loss of ability of standard methods to detect the target organism in the minutes following arti cial inoculation.
MATERIALS AND METHODS
We inoculated 5 cm 2 of clean unused chick pads, 5 g of fresh unsanitized broiler breeder eggshell halves, or 5 g of unused pine shaving litter with a cell suspension of C. jejuni in sterile physiological saline. For the pad, the inoculum was placed in the center of the 5-cm 2 piece; for the pine shavings, the cell suspension was dropped on top of 5 g of shavings in a sterile cup and gently shaken; for the eggshells, the egg was broken and contents discarded, then inoculum was placed on the outer end of the shell and spread with a sterile bent glass rod. Inoculation levels were 10 2 or 10 3 cells of C. jejuni per sample. The samples were allowed to remain at room temperature for 15, 30, or 60 min before addition of the enrichment broth. Following speci ed dry time, samples were immersed in Bolton's broth (10) and incubated 4 h at 358C then 20 h at 428C. For the chick pad sample, 25 ml of Bolton's broth was added to a bag with the pieces of pad and hand massaged so broth covered the sample. For the shavings, 50 ml of broth were poured on top of a cup of shavings and swirled. Shell samples were placed in a bag with 25 ml of broth and hand crushed and shaken (3) . Following incubation, 0.1 ml of Bolton's broth was plated on the surface of Campy-Cefex agar (15) , and the plates were incubated at 428C for 24 to 36 h in an atmosphere of 5% O 2 , 10% CO 2 , and 85% N 2 . Characteristic colonies were con rmed as C. jejuni by phase-contrast microscopic observation of curved, motile rods and a positive latex agglutination test result (INDX, Integrated Diagnostics, Inc., Baltimore, Md.).
Water activity was measured for pine shavings, paper pads, and eggshells using the CX-2 water activity system (Decagon Devices, Inc., Pullman, Wash.). Eggshell measurements were taken less than 5 min, 2 to 3 h, 24 h, and 48 h after breaking the egg and discarding the contents.
RESULTS AND DISCUSSION
Campylobacter recovery from inoculated eggshells, pine shavings, and chick pads is shown in Table 1 . From these data, it appears that the ability to culturally detect Campylobacter from a dry sample is greatly diminished during a relatively short period. The water activity for these samples were as low as 0.521 (Table 2 ). There is some evidence that organic material can offer protection to Campylobacter in dry conditions (9) . In the work reported herein, observed Campylobacter survivability was greatest at 60 min for eggshells compared to pine shavings and chick pads. Nevertheless, other researchers have reported on Campylobacter's cultural sensitivity to dry conditions in the presence of organic material on pig carcasses, inoculated tiles, and glass slides (5, 12) . The lack of recovery of Campylobacter could be due to cellular death or our inability to resuscitate dry injured cells. Regardless, the presence of this microorganism may be underestimated in dry samples. Because of the fragile nature of Campylobacter, nonconventional methods may have to be applied in the reevaluation of many dry poultry-associated materials. If researchers continue to use inadequate cultural procedures to assay for Campylobacter in these type of samples, then it is possible that false-negative results may cause a false sense of security. When using cultural methods to examine dry samples for the presence of Campylobacter, time is of the essence. Because of the fragility of the organism in a dry environment, the sample must be enriched as soon as possible following the suspected point of contamination. Future research studies should use noncultural laboratory techniques such as polymerase chain reaction to verify the presence of dead or viable but nonculturable Campylobacter in dry samples.
